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© Probe for measuring and/or for exercising a control In dependence upon the value of, a 
characteristic of a material, and method of using said probe. 



© A probe (10) for measuring a characteristic of 
fluid or solid material or materials and/or for exercis- 
ing a control in dependence upon the value of said 
characteristic, said probe (10) comprising an elon- 
gated, electrically conductive, probe member (11) 
which is insulated from and which carries at one end 
thereof electrode means (14), the probe member - 
(11) being spaced from the nearest part of the said 
electrode means (14) by a gap (15); electrical means 
(16) which are arranged in operation to cause the 
electrode means (14) to produce at least one elec- 
trical and/or magnetic field; and signal-producing 
means (17), responsive to the output of the electrical 
means (16), for producing a signal functionally re- 
2f ,ate d to the value of said characteristic, charac- 
" tensed in that the electrode means (14) comprises at 
'♦least one annular or part-annular electrode portion - 
^(14§ ) whose axial extent is less than its radial extent 
so that there is an axially extending electrical and/or 
<D magnetic field between the or each electrode portion 
g^(14£) and either the probe member (11) or an axially 
adjacent electrode portion (14a), th axial extent of 
®the said gap (15) being not more than half the 
^maximum width or diameter of the said at least one 
LUel ctrode portion (14a). 
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"PROBE FOR MEASURING AND/OR FOR EXERCISING A CONTROL IN DEPENDENCE UPON THE VALUE 
OF, A CHARACTERISTIC OF A MATERIAL. AND METHOD OF USING SAID PROBE" 



This invention concerns a probe for measuring, 
and/or for exercising a control in dependence upon 
the value of^ an electrical, magnetic or other char- 
acteristic of fluid or solid material or materials* and 
also concerns a method of using said probe. The 
characteristic may, for example, be the electrical 
conductivity, dielectric constant or magnetic per- 
meability (or some combination of these particular 
parameters) of a gaseous liquid or solid material or 
of a mixture, emulsion or slurry of said materials. 
The characteristic may also be that of one or more 
of a plurality of materials which are disposed in 
abutting layers which meet at one or more inter- 
faces. Thus the probe of the present invention 
may, for example, be used to determine the posi- 
tion of an interface between the oil and water of a 
layer of oil floating on a layer of water. Moreover, 
since the dielectric and resistive properties of a 
material are affected by the amount of water in the 
material, the probe of the present invention may be 
used to measure the water content of a material by 
measuring its dielectric or resistive properties after 
having measured those of calibrated samples. 

The detection of such an interface has pre* 
viously been effected by one of two methods. In 
the first of these methods, use has been made of a 
probe in which an electrode protrudes from and is 
insulated from a probe member, the probe being 
introduced into the liquid in a vessel which con- 
tains, for example, a layer of oil floating on a layer 
of water. Electrical energy is supplied to the probe 
member and to the electrode so that an electrical 
field is generated therebetween, the said field ex- 
tending through the said liquid. The said electrical 
energy is affected by the electrical characteristics, 
e.g. the electrical impedance, of the particular liq- 
uid through which the said field extends. A sub- 
stantial change in said characteristic occurs at said 
interface and the position of the latter can therefore 
be determined by moving the probe in the vessel 
to a position in which a change in the said char- 
acteristic is detected, provided, of course, that 
each of the materials at the interface has its own 
specific characteristics. However, in this particular 
method, the position of the interface cannot be 
very accurately determined because it is affected 
by the quantity of liquid through which the elec- 
trical field passes and is therefore affected by the 
shape and size of th vessel. 

In the second of the said methods,the oil/wat r 
mixture is passed to a narrow pipe within which the 
probe is mounted, the electrode being made long 
in relation to the diameter of said pipe so that th 
electrical field is mostly radial and occupies the 



total gap between the electrode and the pipe. In 
this case, the volume of liquid through which the 
field passes is constant and consequently the posi- 
tion of the interface (and/or the water content of the 

s mixture) can be accurately determined. However, it 
is impracticable to employ this second method to 
determine an interface between a quantity of an 
oil/water mixture (or other fluid) trapped in a v ssel 
since differential pressure needs to be established 

ro to make the fluid trapped in the gap between the 
. electrode and the pipe flow out of the latter. 

In British Patent Specification No. 1,419,235 
there is disclosed a probe for measuring a char- 
acteristic of fluid or solid material or materials, said 

/s probe comprising an elongated, electrically con- 
ductive, probe member which is insulated from and 
which carries at one end thereof electrode m ans, 
the probe member being spaced from the nearest 
part of the said electrode means by a gap; elec- 

20 trical means which are arranged in operation to 
produce an electrical field between the probe 
member and the said electrode means; and signal- 
producing means responsive to the output of the 
electrical means, for producing a signal functionally 

25 related to the value of said characteristic. 

In the probe of British Patent Specification No. 
1,419,235, however, the electrode means is con- 
stituted by a cylindrical electrode which is closed 
at its distal end, the axial length of the electrode 

30 being much greater than its diameter. In such an 
arrangement although there is a very small axially 
extending fringe field between the electrode and 
the probe member, most of the field generated by 
the electrode extends radially of the latter, so that 

35 the horizontal resolution of the probe of this citation 
is impaired. 

According, therefore, to the present invention, 
there is provided a probe for measuring a char- 
acteristic of fluid or solid material or materials 

40 and/or for exercising a control in dependence upon 
the value of said characteristic, said probe com- 
prising an elongated electrically conductive, probe 
member which is insulated from and which carries 
at one end thereof electrode means, the probe 

45 member being spaced from the nearest part of the 
said electrode means by a gap; electrical means 
which are arranged in operation to cause the elec- 
trode means to produce at least one electrical 
and/or magnetic field; and signal-producing means, 

so responsive to the output of the electrical means, for 
producing a signal functionally related to the value 
of said characteristic, characterised in that the elec- 
trode means comprises at least one annular or 
part-annular electrode portion whose axial extent is 
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less than its radial extent so that there is an axially 
extending electrical and/or magnetic field between 
the or each electrode portion and either the probe 
memb r or an axiafty adjacent electrode portion, 
the axial extent of the said gap being not more 
than half the maximum width or diameter of the 
said at least one electrode portion. 

Since the axial extent of the gap is not more 
than haff the maximum width or diameter of the 
said at least one electrode portion, the said elec- 
trical and/or magnetic field will not pass through a 
very great volume of material whatever may be the 
shape or size of the said vessel and consequently 
the accuracy of the probe will not be substantially 
affected by the shape or size of the vessel. At the 
same time, a differential pressure does not need to 
be established to make the material pass through 
the device in which it is being measured. 

Moreover, since the electrode means com- 
prises at least one annular or part-annular electrode 
portion whose axial extent is less than its radial 
xtent, a good axially extending electrical and/or 
magnetic field is in operation established between 
the or each electrode portion, and either the probe 
member or an axially adjacent electrode portion. 
This field is such that it penetrates the material or 
materials whose characteristic is being measured 
along a very fine axial path so as to ensure a high 
degree of accuracy. 

There may be a plurality of electrode portions 
which are arranged axially of the probe. 

The electrode portions may, for example, be 
constituted by the turns of at least one helical 
electrode coil. Alternatively, the electrode portions 
may be constituted by a plurality of separate ax- 
ially spaced apart rings. 

The electrode portion or portions are preferably 
mounted on an insulator member.e.g. a hollow in- 
sulator member adapted for the flow therethrough 
of the rmaterial or materials whose characteristic is 
to be measured. 

The electrical means may comprise a gener- 
ator (e.g. a high frequency generator) mounted 
within the probe member. 

There may be a detector means, responsive to 
the output of the generator, which is mounted with- 
in the probe member and is arranged to transmit 
said signal. 

The said signal may be transmitted to an in- 
dicator which indicates the said value of the char- 
acteristic. The indicator may be located externally 
of the probe member. 

Alternatively or additionally, the said signal 
may be transmitted to control means which control 
th supply of a said material or materials in depen- 
dence upon the value of the said characteristic. 



The electrical means cure preferably adapted to 
generate lectrical nergy at a frequency in the 
range of 1MHz to 30,000MHz. 

The or each electrode portion may be coated 
5 with an electrically insulating layer. 

Th re may be a said electrode portion which is 
mounted at one end of the probe member with an 
insulator member therebetween. The probe may be 
provided with a second insulator member at least 

to part of which is disposed on the side of the elec- 
trode portion remote from the probe member. 
Moreover, an electrically conductive shield member 
may be mounted on the side of the second insula- 
tor member which is remote from the probe mem- 

is ber, the shield member being electrically connect- 
ed to the probe member. 

The invention also comprises a method of 
measuring a characteristic of fluid or solid mat rial 
or materials comprising arranging that a probe as 

20 set forth above is disposed in a said material or 
materials, the said electrical means is operated, 
and the said signal is employed to indicate the 
value of the said characteristic. 

The probe may be disposed in a first said 

25 material which abuts a second said material at an 
interface, relative movement being effected be- 
tween the probe and the first said material until a 
change is noted in the value of the said char- 
acteristic, said change indicating the position of the 

30 said interface. 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in which:- 
Figures 1-6 respectively illustrate diagrammati- 
cally six different embodiments of a probe accord- 
as ing to the present invention. 

Referring first to Figure 1. a probe 10 accord- 
ing to the present invention comprises a hollow, 
tubular, electrically conductive probe member 11 
one end of which is closed by an insulator member 

40 12. Mounted on the external surface 13 of th 
insulator member 12, i.e. the surface remote from 
the probe member 11, is an annular disc-shaped 
antenna or electrode 14 whose diameter is sub- 
stantially the same as the external diameter of the 

45 probe member 11. The thickness of the insulator 
member 12, and thus the size of the axial gap 15 
between the probe member 11 and the electrode 
14, is such that the size of the gap 15 is not more 
than half, and is preferably not more than one fifth, 

so of the external diameter of the electrode 14. The 
electrode 14 consists of one or more annular or 
part-annular electrode portions 1 4g whose axial ex- 
tents are less than their radial extents. Thus there 
may be a plurality of angularly spaced apart elec- 

55 trode portions 1 4a. 
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The electrode 14 is mounted in an annular 
groove 25 in an insulator member 26 which is 
secured to the surface 13 of the insulator member 
12 so that part of the insulator member 26 is 
disposed on the side of the electrode 14 remot 
from the probe member 1 1 . 

Mounted within the probe member 1 1 is a high 
frequency electrical generator 16 which is elec- 
trically connected to the probe member 1 1 and the 
electrode. 14 by leads 20, 21 respectively, the lead 
21 passing through the insulator member 12. The 
generator 16 may be arranged to generate elec- 
trical energy at a frequency in the range of 1MHz 
to 30,000MHz. The current output of the generator 
16 is detected by a detector 17 which is mounted 
within the probe member 11 and is connected to a 
meter 22 which is disposed externally of the probe 
member 11, the detector 17 being arranged to 
transmit a signal representative of the particular 
characteristic (e.g. impedance) of the material sur- 
rounding the probe which is being measured. 

An electrical field 23 is thus in operation gen- 
erated between the probe member 11 and the or 
each electrode portion 14§and, as will be seen 
from Figure 1, the axial extent of this field is small 
by reason of the smalt axial extent of the gap 15. 

In operation, the generator 16 is energised and 
the probe . 10 is gradually introduced into a vessel - 
(not shown) containing, for example, a layer of oil 
floating on a layer of water. Since there is a dif- 
ference between the electrical conductivity and di- 
electric constant of water and oil, the current output 
of the generator 16 will depend on whether the 
field or fields 23 is or are wholly within the oil, 
partly within the oil and partly within the water, or 
wholly within the water. As this current output var- 
ies by reason of the movement of the probe 10, so 
there will be a variation in the signal transmitted to 
the meter 22 and therefore a variation in the signal 
produced by the meter 22 which determines the 
indication provided by an indicator 24 thereof. Thus 
the position of the interface (not shown) between 
the oil and water in the vessel can be determined 
by gradually introducing the probe 10 further and 
further into the vessel until the indicator 24 in- 
dicates a change in the conductivity and/or the 
dielectric constant of the portion of the oil/water 
mixture being examined, such change being indica- 
tive of the presence of the interface. 

Although the above description refers to a spe- 
cific liquid/liquid interface, the probe 10 may also 
be used to determine the position of an interface 
between a liquid and a granular solid or the inter- 
face between two granular solids, or th concentra- 
tion of one material in a mixture. The probe 10 may 
also be used to determine the value of any char- 
acteristic, e.g. the electrical or magnetic conductiv- 
ity or capacitance of a gas. liquid or solid. More- 



over, instead of (or in addition to) indicating the 
value of the characteristic (e.g. at the meter 22), 
the signal produced by the generator 16 may be 
used (by means not shown) to effect a control, e.g. 

5 to adjust process conditions so that the conductiv- 
ity or other characteristic being examined is main- 
tained substantially constant. 

Figures 2 to 6 show probes 10a, 10&, 10& 10& 
10§ which are generally similar to the probe 10 of 

to Figure 1 and which for this reason will not be 
described in detail, like reference numerals indicat- 
ing like parts. 

In the probe 10§ of the Figure 2 construction, 
the annular electrode 14 is disposed between the 

75 insulator member 12 and an insulator member 26& 
which is spaced by the electrode 14 from the 
insulator member 12, so that the interior of the 
electrode 14 is in clear space and so that the 
insulator member 26fe is disposed wholly on the 

20 side of the electrode 14 remote from the probe 
member 11. Moreover, an electrically conductive 
shield member 27 is mounted on the side of the 
insulator member 26fe which is remote from the 
probe member 11, the shield member 27 being 

25 electrically connected to the probe member 1 1 by 
a lead 30 which passes through the insulator mem- 
bers 12, 26&. Thus in the Figure 2 construction, in 
addition to the electric field 23, there is also at 
least one electric field 31 between the electrode 14 

30 and the shield member 27 and, in order to limit the 
axiat extent of the or each electric field 31. the 
thickness of the insulator member 26b, although 
approximately twice as great as that of the insulator 
member 12, is not more than half, and preferably 

35 not more than one fifth, of the diameter of the 
electrode 14. 

The Figure 2 construction can be used to mea- 
sure an electrical parameter of a portion of a fluid 
close to the bottom of a tank. 

4o If desired, each of the electrodes 1 4 of Figures 

1 and 2 may be coated with a thin electrically 
insulating layer (not shown) e.g. of a material such 
as nylon. 

In the probe 10b of the Figure 3 construction, 
45 the electrode 14 of Figures 1 and 2 is replaced by 
an electrode 14b which is constituted by a two start 
helical coil whose ends are connected respectively 
to an electrode wire 21 which is connected to the 
high frequency electrical generator 16 (not shown 
so in Figure 3) and a ground wire 32. The helical 
electrode coil 14£> has a plurality of turns 14c each 
of which constitutes an annular electrode portion 
whose axial extent is less than its radial extent. An 
electrical field 23a is in operation g nerated be- 
55 tween adjacent helical turns 14c and between the 
probe member 11 and the nearest helical turn 14c. 
The nearest part of the helical electrode coil 14b to 
the probe member 11 is spaced from the latter by 



4 
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a gap 15 whose axial extent is not more than half 
and is preferably not more than one fifth, of the 
diameter of the helical electrode coil 14£. The 
helical electrode coil 14& is wound around a solid 
cylindrical insulator member 26c which has a re- 
duced diameter end portion 26£ which is secured 
in the distal end of the probe member 11 and is 
sealed thereto by an O-ring seal 33. The electrode 
wire 21 and ground wire 32 respectively extend 
into apertures 34, 35 in the insulator member 26£ 
and are sealed therein by seals 36, 37 respectively. 
The main part of the insulator member 26g has 
the same diameter as that of the probe member 
11. 

The probe 10£ of Figure 4 is generally similar 
to the probe 10 6 of Figure 3 except that the 
helical electrode coil 14b is replaced by a plurality 
of separate, axiaily spaced apart electrode rings 
143 which are connected across a high frequency 
generator 16a by leads 40, 41. each lead being 
connected to alternate electrode rings 14£. where- 
by electrical fields 23bare in operation generated 
between each adjacent pair of electrode rings 14 d. 

The probe 10j| of Figure 5 is similar to the 
probe 10£ of Figure 4 except that, instead of a 
plurality of separate, axiaily spaced apart electrode 
rings 14d, first and second helical electrode coils 
14g, I4f are wound onto the insulator member 26$ 
so that, in operation, electrical fields 23£ are gen- 
erated between adjacent turns of the first and sec- 
ond helical electrode coils 14$, 14£ . 

The probe 10e of Figure 6 is similar to the 
probe 10^ of Figure 5 except that the solid cylin- 
drical insulator member 26£ is replaced by a tubu- 
lar insulator member 26ji through which may pass 
a fluid flow, as indicated by arrows 42. The insula- 
tor member 26c may be made of poly- 
tetrafluoroethylene or other plastics material, or it 
may be made of glass or ceramic material. 



Claims 

1. A probe (10) for measuring a characteristic 
of fluid or solid material or materials and/or for 
exercising a control in dependence upon the value 
of said characteristic, said probe (10) comprising 
an elongated, electrically conductive, probe mem- 
ber (11) which is insulated from and which carries 
at one end thereof electrode means (14), the probe 
member (11) being spaced from the nearest part of 
the said electrode means (14) by a gap (15); elec- 
trical means (16) which are arranged in operation to 



cause the electrode means (14) to produce at least 
one el ctrical and/or magnetic field; and signal- 
producing means (17), responsive to the output of 
the electrical means (16), for producing a signal 

5 functionally related to the value of said characteris- 
tic, characterised in that the electrod means (14) 
comprises at least one annular or part-annular elec- 
trode portion (14§ ) whose axial extent is less than 
its radial extent so that there is an axiaily extending 

w electrical and/or magnetic field between the or 
each electrode portion (14$*) and either the probe 
member (11) or an axiaily adjacent electrode por- 
tion (14^), the axial extent of the said, gap (15) 
being not more than half the maximum width or 

75 diameter of the said at least one electrode portion - 
(14§). 

2. A probe as claimed in claim 1 characterised 
in that there are a plurality of electrode portions - 
(14£) which are arranged axiaily of the probe (10(2). 
20 3. A probe as claimed in claim 2 characterised 

in that the electrode portions are constituted by th 
turns of at least one helical electrode coil (14£). 

4. A probe as claimed in claim 2 characterised 
in that the electrode portions are constituted by a 

25 plurality of separate axiaily spaced apart rings. 

5. A probe as claimed in any preceding claim 
characterised in that the electrode portion or 
portions(14£)i$ or are mounted on an insulator 
member (26). 

do 6. A probe as claimed in claim 5 characterised 

in that the insulator member (26g) is a hollow 
member adapted for the flow therethrough of th 
material or materials whose characteristic is to be 
measured. 

35 7. A probe as claimed in any preceding claim 

characterised in that the electrical means com- 
prises a generator (16) mounted within the probe 
member (11). 

8. A probe as claimed in claim 7 characterised 
40 in that a detector means (17). responsive to the 

output of the generator (16) is mounted within the 
probe member (11) and is arranged to transmit 
said signal. 

9. A probe as claimed in any preceding claim 
45 characterised in that the or each electrode portion - 

(14a) is coated with an electrically insualting layer. 

10. A method of measuring a characteristic of 
fluid or solid material or materials characterised by 
arranging that a probe (10) as claimed in any 

so preceding claim is disposed in a said material or 
materials, operating the said electrical means (16), 
and employing the said signal to indicate the value 
of the characteristic. 

55 
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© A probe (10) for measuring a characteristic of 
fluid or solid material or materials and/or for exercis- 
ing a control in dependence upon the value of said 
characteristic, said probe (10) comprising an elon- 
gated, electrically conductive, probe member (11) 
which is insulated from and which carries at one end 
thereof electrode means (14), the probe member 
(11) being spaced from the nearest part of the said 
electrode means (14) by a gap (15); electrical means 
(16) which are arranged in operation to cause the 
electrode means (14) to produce at least one elec- 
trical and/or magnetic field; and signal-producing 
means (17), responsive to the output of the electrical 
means (16), for producing a signal functionally re- 
lated to the value of said characteristic, charac- 
terised in that the electrode means (14) comprises at 
least one annular or part-annular electrode portion 
(14a) whose axial extent is less than its radial extent 
so that there is an axially extending electrical and/or 
magnetic field between the or each electrode portion 
(14a) and either the probe member (11) or an axially 
adjacent electrode portion (14a), the axial extent of 
the said gap (15) being nof more than half the 
maximum width or diameter of the said at least one 
electrode portion (14a). 



Fig. I 
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